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A programmable logic device receives a request message from a
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TIME SYNCHRONIZATION METHOD,
PROGRAMMABLE LOGIC DEVICE, SINGLE
BOARD AND NETWORK ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s the National Stage of International
Application No. PCT/CN2014/093°744, filed Dec. 12, 2014,
which claims the benefit of Chinese Patent Application No.
201410339342.6, filed Jul. 16, 2014.

TECHNICAL FIELD

The present disclosure relates to the technical field of
communications, and more particularly to a time synchro-

nization method, a programmable logic device, a single
board and a network element.

BACKGROUND

With the continuous development of communication tech-
nologies, the industry 1s devoted to achieving time synchro-
nization. Two protocols, namely a Network Time Protocol
(NTP) and a Precision Timing Protocol (PTP) (i.e.,
IEEE1588), have been developed for time synchronization
between various pieces of network equipment. According to
the PTP, clocks of all nodes 1in a network may be periodically
synchronized through a synchronization signal by utilizing a
Global Navigation Satellite System (GNSS) or Building
Integrated Timing System (BITS) clock as a clock source.
By virtue of the PTP, an Ethernet-based system may achieve
precision synchronization, synchronization between all sys-
tems may be realized, and the synchronization precision
may achieve a microsecond level or even higher. According,
to the NTP, a round-trip delay of a data packet 1n an Ethernet
network may be estimated to make equipment synchronize
with a server or clock source (such as a quartz clock, a
rubidium clock and a Global Positioning System (GPS)). By
virtue of the NTP, high-precision time correction may be
provided, and a reliable time source of 1 to 50 ms may be
provided.

In a networking solution of radio communications, equip-
ment serving as a primary clock provider not only needs to
be able to provide a general N'TP synchronization, but also
needs to satisty a PTP synchronization demand for a specific
user. Base Station Controller (BSC)/Radio Network Con-
troller (RNC) equipment having both N'TP and PTP func-
tions may complete receiving and sending of NTP and PTP
messages at a Central Processing Unit (CPU). However, a
CPU processing system may need to complete receiving and
sending of a message under the driving of software inter-
ruption. Under the limitation of such CPU architecture, the
BSC/RNC providing NTP and PTP clock timing functions
can load limited user capacity. Furthermore, large-capacity
packet transceiving equipment having both NTP and PTP
functions 1s extremely prominent in large-scale networking
application of home base stations/micro base stations, and
large-scale centralized timing equipment which cannot pro-
vide NTP and PTP functions respectively results 1n that the
existing home base station/micro base station networking
solution cannot reduce the time synchromization cost of
network equipment to the greatest extent.

SUMMARY

Some embodiments of the present disclosure provide a
time synchronization method, a programmable logic device,
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2

a single board and a network element, which may at least
solve a problem of insuilicient packet sending capability
caused by a fact that a time synchronization response needs
to be completed by software interruption due to limitation of
a CPU architecture.

To solve the abovementioned problem, an embodiment of
the present disclosure provides a time synchromization
method, which may include the acts as follows.

A programmable logic device recerves a request message
from a terminal.

The programmable logic device generates a time synchro-
nization message according to the request message.

The programmable logic device sends the time synchro-
nization message to the terminal.

In an embodiment of the present disclosure, the act that a
programmable logic device receives a request message from
a terminal may include the following operations.

The programmable logic device receives a connection
setup request message from the terminal.

Or, the programmable logic device receives a time syn-
chronization request message from the terminal.

In an embodiment of the present disclosure, the act that
the programmable logic device generates a time synchroni-
zation message according to the request message may
include the following operations.

The programmable logic device acquires local reference
time information, configuration indication information, and
recognition information of the terminal according to the
request message.

The programmable logic device generates the time syn-
chronization message according to the local reference time
information, the configuration indication information, and
the recognition mformation of the terminal.

In an embodiment of the present disclosure, when the
programmable logic device recerves the connection setup
request message from the terminal, the act that the program-
mable logic device generates a time synchronization mes-
sage according to the request message may include the
tollowing operations.

The programmable logic device sends the connection
setup request message to a CPU.

The programmable logic device receives the configura-
tion 1ndication information and the recognition information
of the terminal from the CPU.

The programmable logic device acquires the local refer-
ence time information according to the configuration 1ndi-
cation information.

The programmable logic device generates, according to
the configuration indication information, the recognition
information of the terminal and the local reference time
information, a time synchronization initiating message as
the time synchromization message.

In an embodiment of the present disclosure, when the
programmable logic device receives the time synchroniza-
tion request message from the terminal, the act that the
programmable logic device generates a time synchroniza-
tion message according to the request message may include
the following operations.

The programmable logic device parses the time synchro-
nization request message, and acquires type identification
information of the time synchronization request message
and recognition information of the terminal.

The programmable logic device acquires configuration
indication imnformation and local reference time information
according to the type identification information.

The programmable logic device generates, according to
the configuration indication information, the recognition
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information of the terminal and the local reference time
information, a time synchronization response message as the
time synchronization message.

In an embodiment of the present disclosure, when 1den-
tification information of the connection setup request mes-
sage 1ndicates the connection setup request message as a
PTP request message, the local reference time information
acquired by the programmable logic device 1s local PTP
reference time information, and the recerved configuration
indication information 1s PTP configuration indication infor-
mation.

In an embodiment of the present disclosure, when 1den-
tification information of the connection setup request mes-
sage 1ndicates the connection setup request message as an
NTP request message, the local reference time information
acquired by the programmable logic device 1s local NTP
reference time information, and the recerved configuration
indication information 1s NTP configuration indication
information.

In an embodiment of the present disclosure, when 1den-
tification information of the time synchronization request
message indicates the time synchromization request message
as a PTP request message, the local reference time infor-
mation and configuration indication information acquired by
the programmable logic device are local PTP reference time
information and PTP configuration indication information
respectively.

In an embodiment of the present disclosure, when 1den-
tification information of the time synchronization request
message 1indicates the time synchromization request message
as an N'TP request message, the local reference time infor-
mation and configuration indication information acquired by
the programmable logic device are local NTP reference time
information and NTP configuration indication information
respectively.

In an embodiment of the present disclosure, when the
identification information of the connection setup request
message or the time synchronization request message 1ndi-
cates the connection setup request message or the time
synchronization request message as a PTP request message,
the programmable logic device may acquire local PTP
reference time information in a following manner.

Clock source information 1s acquired.

Local clock information 1s synchronized according to the
clock source information.

The local PTP reference time information 1s acquired
according to the local clock information.

In an embodiment of the present disclosure, when the
identification information of the connection setup request
message or the time synchronization request message 1ndi-
cates the connection setup request message or the time
synchronization request message as an NTP request mes-
sage, the programmable logic device may acquire local NTP
reference time information in a following manner.

Clock source information 1s acquired.

Local clock information 1s synchronized according to the
clock source information.

Local PTP reference time information 1s acquired accord-
ing to the local clock information.

The local PTP reference time information 1s converted
into the local NTP reference time information.

In an embodiment of the present disclosure, before the
programmable logic device sends the time synchronization
message to the terminal, the method may further include the
acts as follows.

The programmable logic device extracts state information
of the time synchronization message.
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The programmable logic device sends the state informa-
tion out.

In an embodiment of the present disclosure, the program-
mable logic device may be located in a Physical (PHY)
layer.

Another embodiment of the present disclosure provides a
time synchronization method. The method may include the
acts as follows.

A terminal sends a request message to a programmable
logic device.

The programmable logic device receives the request mes-
sage from the terminal, generates a time synchronization
message according to the request message, and sends the
time synchronization message to the terminal.

The terminal receives the time synchronization message
from the programmable logic device and completes time
synchronization.

Still another embodiment of the present disclosure pro-
vides a programmable logic device, which may include a
receiving module, a processing module and a sending mod-
ule.

The receiving module 1s configured to receive a request
message from a terminal.

The processing module 1s configured to generate a time
synchronization message according to the request message
received by the receiving module.

The sending module 1s configured to send the time
synchronization message generated by the processing mod-
ule to the terminal.

In an embodiment of the present disclosure, the receiving
module may be configured to receive a connection setup
request message or a time synchronization request message
from the terminal.

In an embodiment of the present disclosure, the process-
ing module may include an acquisition module and a gen-
eration module.

The acquisition module 1s configured to acquire local
reference time nformation, configuration indication infor-
mation, and recognition information of the terminal accord-
ing to the request message received by the recerving module.

The generation module 1s configured to generate the time
synchronization message according to the local reference
time 1information, the configuration indication information,
and the recognition information of the terminal, which are
acquired by the acquisition module.

In an embodiment of the present disclosure, when the
receiving module receives the connection setup request
message irom the terminal, the sending module may be
further configured to send the connection setup request
message to a CPU,;

the receiving module may be further configured to receive
the configuration imdication information and the recognition
information of the terminal from the CPU;

the acquisition module may be configured to acquire the
local reference time information according to the configu-
ration indication information; and

the generation module may be configured to generate,
according to the configuration indication information, the
recognition information of the terminal and the local refer-
ence time information, a time synchromization initiating
message as the time synchronization message.

In an embodiment of the present disclosure, when the
receiving module receirves a time synchronization request
message from the terminal,

the processing module may further include a parsing
module which 1s configured to parse the time synchroniza-
tion request message, and acquire type 1dentification infor-
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mation of the time synchronization request message and
recognition imformation of the terminal;

the acquisition module 1s configured to acquire configu-
ration 1indication information and local reference time 1nfor-
mation according to the type identification information
acquired by the parsing module; and

the generation module 1s configured to generate, accord-
ing to the configuration idication information, the recog-
nition information of the terminal and the local reference
time miormation, a time synchronization response message
as the time synchronization message.

In an embodiment of the present disclosure, when 1den-
tification information of the connection setup request mes-
sage received by the receiving module indicates the con-
nection setup request message as a PTP request message, the
local reference time information acquired by the acquisition
module may be local PTP reference time information, and
the configuration indication information received by the
receiving module may be PTP configuration indication
information.

In an embodiment of the present disclosure, when iden-
tification information of the connection setup request mes-
sage received by the receiving module indicates the con-
nection setup request message as an N'TP request message,
the local reference time information acquired by the acqui-
sition module may be local NTP reference time information,
and the configuration indication information received by the

receiving module may be NTP configuration indication
information.

In an embodiment of the present disclosure, when iden-
tification information of the time synchronization request
message received by the receiving module indicates the time
synchronization request message as a PTP request message,
the local reference time mformation and configuration indi-
cation miormation acquired by the acquisition module may
be local PTP reference time information and PTP configu-
ration indication information respectively.

In an embodiment of the present disclosure, when 1den-
tification information of the time synchronization request
message recerved by the receiving module idicates the time
synchronization request message as an NTP request mes-
sage, the local reference time mnformation and configuration
indication information acquired by the acquisition module
may be local NTP reference time information and NTP
configuration indication mformation respectively.

In an embodiment of the present disclosure, when the
identification information of the connection setup request
message or the time synchronization request message 1ndi-
cates the connection setup request message or the time
synchronization request message as a PTP request message,
the acquisition module may be configured to acquire clock
source information, synchromize local clock information
according to the clock source information, and acquire local
PTP reference time information according to the local clock
information.

In an embodiment of the present disclosure, when the
identification information of the connection setup request
message or the time synchronization request message 1ndi-
cates the connection setup request message or the time
synchronization request message as an NTP request mes-
sage, the acquisition module may be configured to acquire
clock source information, synchronize local clock informa-
tion according to the clock source information, acquire local
PTP reference time imnformation according to the local clock
information, and convert the local PTP reference time infor-
mation into the local NTP reference time information.
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In an embodiment of the present disclosure, the process-
ing module may further include an extraction module.

The extraction module 1s configured to extract state
information of the time synchronization message.

The sending module 1s configured to send out the state
information extracted by the extraction module.

Still another embodiment of the present disclosure pro-
vides a single board, which may include an interface as well
as the abovementioned programmable logic device, the

programmable logic device being connected to a terminal
via the interface.

In an embodiment of the present disclosure, the program-
mable logic device may be located 1n a PHY layer.

Still another embodiment of the present disclosure pro-
vides a network element, which may include the abovemen-
tioned single board, the single board being externally con-
nected with at least one terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart of a time synchronization method
provided 1n a first embodiment of the present disclosure;

FIG. 2 1s a structural diagram of a programmable logic
device provided in a second embodiment of the present
disclosure:

FIG. 3 1s a flowchart of a time synchronization method
provided in a third embodiment of the present disclosure;

FIG. 4 1s a structural diagram of a single board provided
in a fourth embodiment of the present disclosure; and

FIG. 5 1s a structural diagram of an expansion application
design of a machine frame single board provided 1n a fifth
embodiment of the present disclosure.

(Ll

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

The solutions 1n the embodiments of the present disclo-
sure will be clearly and completely described hereinbelow
with the drawings in the embodiments of the present dis-
closure. Obviously, the described embodiments are only part
of the embodiments of the present disclosure, not all of the
embodiments. Based on the embodiments of the present
disclosure, all other embodiments obtained on the premise
of no creative work of a person of ordinary skill in the art
should fall within the scope of protection defined by the
appended claims of the present disclosure.

The embodiments of the present disclosure are elaborated
hereinbelow with the detailed description and the drawings.

First Embodiment

FIG. 1 1s a flowchart of a time synchronization method
provided 1n a first embodiment of the present disclosure. As
shown 1n FIG. 1, the time synchronization method may
include the acts as follows.

At act S101, a programmable logic device may receive a
request message from a terminal.

Specifically, the terminal may communicate and interact
with a CPU or the programmable logic device 1n real time,
so as to complete corresponding functions.

When the terminal needs to perform connection setup
communication, the terminal may generate a connection
setup request message, and send the connection setup
request message to the programmable logic device. Since
the programmable logic device can communicate and inter-
act with the terminal in real time, the programmable logic
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device may receive and recognize the connection setup
request message sent by the terminal by parsing all of the
received messages.

When the terminal needs to perform time synchronization
interaction, the terminal may generate a time synchromiza- 5
tion request message, and send the time synchromization
request message to the programmable logic device. Since
the programmable logic device can communicate and inter-
act with the terminal in real time, the programmable logic
device may recerve and recognize the time synchronization 10
request message sent by the terminal by parsing all of the
received messages.

In the present embodiment, the programmable logic
device may be located in a PHY layer in a network, and
therefore all processes made by the programmable logic 15
device are completed in the PHY layer. Furthermore, the
programmable logic device may include at least one channel
and one Fthernet interface often corresponds to one channel,
the process for only one of the channels 1s 1llustrated herein,
and such process also applies to the other channels. 20

At act S102, the programmable logic device may generate
a time synchromization message according to the request
message.

Specifically, the reception of the request message by the
programmable logic device from the terminal may trigger 25
generation of a time synchronization message, so as to
complete the time synchronization of the terminal. In the
present embodiment, when the programmable logic device
receives the request message, the programmable logic
device may acquire local reference time information, con- 30
figuration indication information and recognition mforma-
tion of the, and may add the local reference time informa-
tion, the configuration indication information and the
recognition imnformation of the terminal mto different fields
respectively to generate a time synchronization message. 35
Herein, the local reference time information 1s used to
provide reference time for the terminal, the configuration
indication information 1s used to indicate message contents
needed when the programmable logic device configures a
time synchronization initiating message or a time synchro- 40
nization response message, and the recognition information
of the terminal 1s used to represent address information of
the terminal.

In the present embodiment, when the programmable logic
device receives a connection setup request message from the 45
terminal, the programmable logic device may send the
connection setup request message to the CPU. The CPU may
parse the received connection setup request message to
obtain a connection setup response message, type 1dentifi-
cation information of the connection setup request message 50
and recognition information of the terminal, acquire con-
figuration indication information according to the identifi-
cation miformation, and send the connection setup response
message, the configuration indication information and the
recognition mformation of the terminal to the programmable 55
logic device through a configuration interface of the pro-
grammable logic device. The programmable logic device
may receive the connection setup response message, the
configuration indication information and the recognition
information of the terminal, which are sent by the CPU, and 60
the programmable logic device may acquire the local refer-
ence time information according to the configuration indi-
cation information. The programmable logic device may
generate a time synchronization initiating message accord-
ing to the configuration indication information, the recog- 65
nition information of the terminal and the local reference
time mformation, and take the time synchronization initiat-

8

Ing message as a time synchronization message for com-
pleting the time synchronization of the terminal.

In the abovementioned embodiment, when the type 1den-
tification information of the connection setup request mes-
sage 1ndicates the connection setup request message as a
PTP request message, the CPU may acquire PTP configu-
ration indication information according to the identification
information, and send the connection setup response mes-
sage, the PTP configuration indication iformation and the
recognition information of the terminal to the programmable
logic device through the configuration interface of the
programmable logic device. The configuration indication
information received by the programmable logic device 1s
PTP configuration indication information, and local refer-
ence time information acquired by the programmable logic
device according to the PTP configuration indication infor-
mation 1s local PTP reference time information. When the
type 1dentification information of the connection setup
request message indicates the connection setup request
message as an NTP request message, the CPU may acquire
NTP configuration indication information according to the
identification information, and send the connection setup
response message, the NTP configuration indication infor-
mation and the recognition information of the terminal to the
programmable logic device through the configuration inter-
face of the programmable logic device. The configuration
indication information received by the programmable logic
device 1s NTP configuration indication information, and
local reference time information acquired by the program-
mable logic device according to the NTP configuration
indication information 1s local NTP reference time informa-
tion.

In the abovementioned embodiment, a manner of acquir-
ing the local PTP reference time information may include,
but not limited to, the following manner. Since the program-
mable logic device can acquire clock source (GNSS or
BITS) information 1n real time and synchronize local clock
information in real time according to the clock source
information, the local PTP reference time information can be
acquired according to the local clock mformation to serve as
timestamp information of a time synchronization initiating
message. A manner ol acquiring the local NTP reference
time information may include, but not limited to, the fol-
lowing manner. Since the programmable logic device can
acquire clock source (GNSS or BITS) information in real
time and synchromize local clock information in real time
according to the clock source information, the local PTP
reference time mnformation can be acquired according to the
local clock information, and the local PTP reference time
information 1s subjected to algorithm conversion to generate
the local NTP reference time information to serve as time-
stamp 1mformation of a time synchronization initiating mes-
sage. It may be appreciated that as long as the local PTP
reference time information or the local NTP reference time
information can be acquired, any acquisition manner can be
adopted.

In the present embodiment, when the programmable logic
device receirves a time synchronization request message
from the terminal, the programmable logic device may parse
the time synchronization request message, acquire type
identification information of the time synchronization
request message and recognition imformation of the termi-
nal, and then acquire local reference time information and
configuration indication information configured in the pro-
grammable logic device according to the identification infor-
mation. The programmable logic device may generate a time
synchronization response message according to the configu-




US 10,778,359 B2

9

ration indication information, the recognition information of
the terminal and the local reference time information, and
take the time synchronization response message as a time
synchronization message for completing the time synchro-
nization of the terminal.

In the abovementioned embodiment, when type 1dentifi-
cation information of the time synchronization request mes-
sage 1ndicates the time synchronization request message as
a PTP request message, the programmable logic device may
acquire local PTP reference time information and PTP
configuration indication mnformation according to the 1den-
tification mformation. When type 1dentification information
of the time synchromization request message indicates the
time synchronization request message as an NTP request
message, the programmable logic device may acquire local
NTP reference time information and NTP configuration
indication information according to the 1dentification infor-
mation.

In the abovementioned embodiment, a manner of acquir-
ing the local PTP reference time mnformation may include,
but not limited to, the following manner. Since the program-
mable logic device can acquire clock source (GNSS or
BITS) information 1n real time and synchronize local clock
information in real time according to the clock source
information, the local PTP reference time information may
be acquired according to the local clock information to serve
as timestamp information of a ftime synchronization
response message. A manner of acquiring the local NTP
reference time mformation may include, but not limited to,
the following manner. Since the programmable logic device
can acquire clock source (GNSS or BITS) mformation 1n
real time and synchronize local clock information in real
time according to the clock source information, the local
PTP reference time information may be acquired according
to the local clock information, and the local PTP retference
time information may be subjected to algorithm conversion
to generate the local NTP reference time information to
serve as timestamp information of a time synchronization
initiating message. It may be appreciated that as long as the
local PTP reference time information or the local NTP
reference time information can be acquired, any acquisition
manner can be adopted.

In the abovementioned solution, when type 1dentification
information of the connection setup request message or time
synchronization request message indicates a PTP request
message, the following two manners may be adopted
according to supporting modes preset for a channel by the
programmable logic device.

(1) When the channel supports a one-way mode, local
PTP reference time information, PTP configuration indica-
tion information and recognition information of the terminal
may be framed to generate a sync message and an announce
message, and the sync message and the announce message
are taken as PTP time synchronization imitiating messages.

(2) When the channel supports a two-way mode, local
PTP reference time information, PTP configuration indica-
tion information and recognition information of the terminal
may be framed to generate a sync message and an announce
message. Meanwhile, the programmable logic device may
parse a time synchronization request message sent by the
terminal to obtain PTP configuration indication information
and recognition nformation of the terminal needed {for
generation of a response message. The programmable logic
device may perform framing according to the local PTP
reference time mformation, the PTP configuration indication
information and the recognition information of the terminal
to generate a response message, take the sync message and
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the announce message as PTP time synchronization initiat-
ing messages, and take the response message as a PTP time
synchronization response message.

In the present embodiment, since the programmable logic
device may include at least one channel, after the program-
mable logic device receives a connection setup request
message from the terminal, N Ethernet channels in the
programmable logic device may set up connection with the
CPU. Based on the advantages that the CPU processes only
a small number of connection setup request messages,
multi-channel NTP and PTP functions may be supported by
utilizing CPU resources. Connection setup request messages
of multiple channels may be converged, through switch, to
the CPU for connection setup and communication. Connec-
tion setup request messages responded by the CPU may be
distributed to each channel and then sent to the terminal
through each channel for completing a response of a CPU
device to the terminal. The essence 1s to form connection and
communication between the terminal and the CPU, and
store, by the CPU, configuration information of the terminal
and recognition mmformation of the terminal into the pro-
grammable logic device through a configuration interface of
the programmable logic device. By virtue of this solution,
the programmable logic device can directly generate a time
synchronization response message when the terminal sends
a time synchronization request message.

At act S103, the programmable logic device may send the
time synchronization message to the terminal.

Specifically, after generating a time synchronization mes-
sage, the programmable logic device may send the time
synchronization message to the corresponding terminal, so
that the terminal may complete time synchronization.

In the present embodiment, when the programmable logic
device receives a connection setup request message from the
terminal, the programmable logic device may send the
connection setup request message to the CPU. The CPU may
obtain a connection setup response message by parsing the
connection setup request message, and then send the con-
nection setup response message to the programmable logic
device. After receiving the connection setup response mes-
sage sent by the CPU, the programmable logic device may
send the connection setup response message to the corre-
sponding terminal, so that the terminal may complete con-
nection setup communication. Furthermore, the program-
mable logic device may send the time synchromization
initiating message to the corresponding terminal, so that the
terminal may complete time synchronization. After gener-
ating a time synchronization response message upon receiv-
ing the time synchronization request message from the
terminal, the programmable logic device may send the time
synchronization response message to the corresponding ter-
minal, so that the terminal may complete time synchroni-
zation.

In the present embodiment, before sending the connection
setup response message, the time synchronization nitiating,
message and the time synchronization response message, the
programmable logic device may judge a priority sequence or
time sequence ol the connection setup response message, the
time synchronization initiating message and the time syn-
chronization response message to obtain a judgment result.
The programmable logic device may send the connection
setup response message, the time synchronization initiating
message and the time synchronization response message to
the corresponding terminal according to the judgment result.
That 1s, the programmable logic device may sort the con-
nection setup response message, the time synchromzation
initiating message and the time synchronization response
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message 1 a descending order according to the priority
sequence or sort the connection setup response message, the

time synchronization mitiating message and the time syn-
chronization response message according to a time
sequence, and send the connection setup response message,
the time synchronization initiating message and the time
synchronization response message to the terminal.

In the present embodiment, before sending the connection
setup response message, the time synchronization imitiating
message and the time synchronization response message, the
programmable logic device may extract state information of
the connection setup response message, the time synchro-
nization initiating message and the time synchronization
response message, and send and store the state information
into the CPU or memory. The state information 1s mainly
used to query whether the connection setup response mes-
sage, the time synchromization initiating message and the
time synchronization response message are correctly and
continuously sent during sending, 1.e., whether a phenom-
enon ol error or packet loss shows up.

Second Embodiment

FIG. 2 1s a structural diagram of a programmable logic
device provided in a second embodiment of the present
disclosure. As shown m FIG. 2, the programmable logic
device may include a receiving module 1, a processing
module 2 and a sending module 3.

The recerving module 1 may be configured to receive a
request message from a terminal.

The processing module 2 may be configured to generate
a time synchromization message according to the request
message received by the receiving module 1.

The sending module 3 may be configured to send the time
synchronization message generated by the processing mod-
ule 2 to the terminal.

Specifically, the terminal may communicate and interact
with a CPU or the programmable logic device 1n real time,
so as to complete corresponding functions. The program-
mable logic device may be located in a PHY layer in a
network, and therefore all processes made by the program-
mable logic device are completed 1n the PHY layer.

When the terminal needs to perform connection setup
communication, the terminal may generate a connection
setup request message, and send the connection setup
request message to the programmable logic device. Since
the programmable logic device can communicate and inter-
act with the terminal in real time, the programmable logic
device can parse all of the received messages, and the
receiving module 1 may receive and recognize the connec-
tion setup request message sent by the terminal.

When the terminal needs to perform time synchronization
interaction, the terminal may generate a time synchroniza-
tion request message, and send the time synchronization
request message to the programmable logic device. Since
the programmable logic device can communicate and inter-
act with the terminal 1n real time, the programmable logic
device can parse all of the received messages, and the
receiving module 1 may receive and recogmize the time
synchronization request message sent by the terminal.

In the present embodiment, the processing module 2 may
include an acquisition module 22 and a generation module
23. When the receiving module 1 receives the request
message from the terminal, the generation module 23 may
be triggered to generate a time synchronization message for
completing the time synchronization of the terminal. In the
present embodiment, when the receiving module 1 receives
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the request message, the acquisition module 22 may acquire
local reference time information, configuration indication
information and recognition information of the terminal.
The generation module 23 may add the local reference time
information, the configuration indication information and
the recognition information of the terminal into different
fields respectively to generate a time synchronization mes-
sage. Herein, the local reference time information 1s used to
provide reference time for the terminal, the configuration
indication information 1s used to indicate message contents
needed when the programmable logic device configures a
time synchronization initiating message or a time synchro-
nization response message, and the recognition information
of the terminal 1s used to represent address information of
the terminal.

In the present embodiment, when the receiving module 1
receives a connection setup request message from the ter-
minal, the sending module 3 may send the connection setup
request message to the CPU. The CPU may parse the
received connection setup request message to obtain a
connection setup response message, type 1dentification
information of the connection setup request message and
recognition mformation of the terminal, acquire configura-
tion indication information according to the identification
information, and send the connection setup response mes-
sage, the configuration indication information and the rec-
ognition mformation of the terminal to the programmable
logic device through a configuration interface of the pro-
grammable logic device. The receiving module 1 may
receive the connection setup response message, the configu-
ration indication mnformation and the recognition informa-
tion of the terminal, which are sent by the CPU. The
acquisition module 22 may acquire the local reference time
information according to the configuration indication infor-
mation. The generation module 23 may generate a time
synchronization imitiating message according to the configu-
ration indication information, the recognition information of
the terminal and the local reference time information, and
take the time synchromization initiating message as a time
synchronization message for completing the time synchro-
nization of the terminal.

In the abovementioned embodiment, when the type 1den-
tification information of the connection setup request mes-
sage indicates the connection setup request message as a
PTP request message, the CPU may acquire PTP configu-
ration indication information according to the identification
information, and send the connection setup response mes-
sage, the PTP configuration indication mformation and the
recognition information of the terminal to the programmable
logic device through the configuration interface of the
programmable logic device. The configuration indication
information received by the receiving module 1 1s PTP
configuration indication information, and local reference
time information acquired by the acquisition module 22
according to the PTP configuration indication information 1s
local PTP reference time information. When the type 1den-
tification information of the connection setup request mes-
sage indicates the connection setup request message as an
NTP request message, the CPU may acquire NTP configu-
ration indication information according to the identification
information, and send the connection setup response mes-
sage, the N'TP configuration indication information and the
recognition information of the terminal to the programmable
logic device through the configuration interface of the
programmable logic device. The configuration indication
information received by the receiving module 1 1s NTP
configuration indication information, and local reference
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time information acquired by the acquisition module 22
according to the NTP configuration indication information 1s
local N'TP reference time information.

In the abovementioned embodiment, a manner of acquir-
ing the local PTP reference time information may include,
but not limited to, the following manner. Since the acquisi-
tion module 22 can acquire clock source (GNSS or BITS)
information in real time and synchronize local clock infor-
mation in real time according to the clock source informa-
tion, the local PTP reference time information can be
acquired according to the local clock information to serve as
timestamp information of a time synchronization initiating,
message. A manner ol acquiring the local NTP reference
time information may include, but not limited to, the fol-
lowing manner. Since the acquisition module 22 can acquire
clock source (GNSS or BITS) information 1n real time and
synchronize local clock mformation 1n real time according
to the clock source information, the local PTP reference time
information can be acquired according to the local clock
information, and the local PTP reference time information 1s
subjected to algorithm conversion to generate the local NTP
reference time 1nformation to serve as timestamp informa-
tion of a time synchronization 1nitiating message. It may be
appreciated that as long as the local PTP reference time
information or the local N'TP reference time information can
be acquired, any acquisition manner can be adopted.

In the present embodiment, the processing module 2 may
turther include a parsing module 21. When the receiving
module 1 receives a time synchronization request message
from the terminal, the parsing module 21 may parse the time
synchronization request message, and acquire type 1dentifi-
cation information of the time synchronization request mes-
sage and recognition mformation of the terminal. The acqui-
sition module 22 may acquire local reference time
information and configuration indication information con-
figured 1n the programmable logic device according to the
identification information. The generation module 23 may
generate a time synchronization response message accord-
ing to the configuration indication information, the recog-
nition information of the terminal and the local reference
time 1information, and take the time synchronization
response message as a time synchronization message for
completing the time synchronmization of the terminal.

In the abovementioned embodiment, when type 1dentifi-
cation information of the time synchronization request mes-
sage 1ndicates the time synchronization request message as
a PTP request message, the acquisition module 22 may
acquire local PTP reference time information and PTP
configuration indication mnformation according to the 1den-
tification mformation. When type 1dentification information
of the time synchronization request message indicates the
time synchronization request message as an NTP request
message, the acquisition module 22 may acquire local NTP
reference time information and NTP configuration indica-
tion information according to the 1dentification information.

In the abovementioned embodiment, a manner of acquir-
ing the local PTP reference time information may include,
but not limited to, the following manner. Since the acquisi-
tion module 22 can acquire clock source (GNSS or BITS)
information in real time and synchronize local clock infor-
mation in real time according to the clock source informa-
tion, the local PIP reference time information may be
acquired according to the local clock information to serve as
timestamp information of a time synchronization response
message. A manner of acquiring the local NTP reference
time information may include, but not limited to, the fol-
lowing manner. Since the acquisition module 22 can acquire
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clock source (GNSS or BITS) information 1n real time and
synchronize local clock information in real time according
to the clock source information, the local PTP reference time
information may be acquired according to the local clock
information, and the local PTP reference time information
may be subjected to algorithm conversion to generate the
local NTP reference time information to serve as timestamp
information of a time synchromization initiating message. It
may be appreciated that as long as the local PTP reference
time nformation or the local NTP reference time informa-
tion can be acquired, any acquisition manner can be adopted.

In the abovementioned solution, when type 1dentification
information of the connection setup request message or time
synchronization request message indicates a PTP request
message, the following two manners may be adopted
according to supporting modes preset for a channel by the
programmable logic device.

(1) When the channel supports a one-way mode, the
generation module 23 may frame local PTP reference time
information, PTP configuration indication information and
recognition information of the terminal to generate a sync
message and an announce message, and take the sync
message and the announce message as PTP time synchro-
nization initiating messages.

(2) When the channel supports a two-way mode, the
generation module 23 may frame local PTP reference time
information, PTP configuration indication information and
recognition information of the terminal to generate a sync
message and an announce message. Meanwhile, the parsing
module 21 may parse a time synchronization request mes-
sage sent by the terminal to obtain PTP configuration
indication information and recognition information of the
terminal needed for generation of a response message. The
generation module 23 may perform framing according to the
local PTP reference time information, the PTP configuration
indication information and the recogmition information of
the terminal to generate a response message, take the sync
message and the announce message as PTP time synchro-
nization initiating messages, and take the response message
as a PTP time synchronization response message.

Specifically, after generating a time synchronization mes-
sage, the programmable logic device may send the time
synchronization message to the corresponding terminal, so
that the terminal may complete time synchronization.

In the present embodiment, when the receiving module 1
receives a connection setup request message from the ter-
minal, the sending module 3 may send the connection setup
request message to the CPU. The CPU may obtain a
connection setup response message by parsing the connec-
tion setup request message, and then send the connection
setup response message to the programmable logic device.
After receiving the connection setup response message sent
by the CPU, the receiving module 1 may send the connec-
tion setup response message to the corresponding terminal,
so that the terminal may complete connection setup com-
munication. Furthermore, the sending module 3 may send
the time synchronization initiating message to the corre-
sponding terminal, so that the terminal may complete time
synchronization. After the generation module 23 generates a
time synchronization response message when the receiving
module 1 recerves the time synchronization request message
from the terminal, the sending module 3 may send the time
synchronization response message to the corresponding ter-
minal, so that the terminal may complete time synchroni-
zation.

In the present embodiment, the processing module 2 may
further include a judgment module 24. Before the sending
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module 3 sends the connection setup response message, the
time synchronization mnitiating message and the time syn-

chronization response message, the judgment module 24
may judge a priority sequence or time sequence of the
connection setup response message, the time synchroniza-
tion 1mtiating message and the time synchromization
response message to obtain a judgment result. The sending,
module 3 may send the connection setup response message,
the time synchronization initiating message and the time
synchronization response message to the corresponding ter-
minal according to the judgment result. That 1s, the sending,
module 3 may sort the connection setup response message,
the time synchronization initiating message and the time
synchronization response message 1n a descending order
according to the priority sequence or sort the connection
setup response message, the time synchronization imitiating
message and the time synchronization response message
according to a time sequence, and send the connection setup
response message, the time synchronization initiating mes-
sage and the time synchronization response message to the
terminal.

In the present embodiment, the processing module 2 may
turther include an extraction module 25. Before the sending
module 3 sends the connection setup response message, the
time synchronization initiating message and the time syn-
chronization response message, the extraction module 235
may extract state information of the connection setup
response message, the time synchronization initiating mes-
sage and the time synchronization response message. The
sending module 3 may send and store the state information
into the CPU or memory. The state information 1s mainly
used to query whether the connection setup response mes-
sage, the time synchromization initiating message and the
time synchronization response message are correctly and
continuously sent during sending, 1.e., whether a phenom-
enon of error or packet loss shows up.

Third Embodiment

FIG. 3 1s a flowchart of a time synchronization method
provided 1n a third embodiment of the present disclosure. As
shown 1n FIG. 3, the time synchronization method may
include the acts as follows.

At act S301, a terminal may send a request message to a
programmable logic device.

At act S302, the programmable logic device may receive
the request message from the terminal, generate a time
synchronization message according to the request message,
and send the time synchronization message to the terminal.

At act S303, the terminal may receive the time synchro-
nization message from the programmable logic device and
completes time synchromization.

Specifically, the terminal may communicate and interact
with a CPU or the programmable logic device 1n real time,
so as to complete corresponding functions.

When the terminal needs to perform connection setup
communication, the terminal may generate a connection
setup request message, and send the connection setup
request message to the programmable logic device. Since
the programmable logic device can communicate and inter-
act with the terminal in real time, the programmable logic
device may receive and recognize the connection setup
request message sent by the terminal by parsing all of the
received messages.

When the terminal needs to perform time synchronization
interaction, the terminal may generate a time synchroniza-
tion request message, and send the time synchromization

10

15

20

25

30

35

40

45

50

55

60

65

16

request message to the programmable logic device. Since
the programmable logic device can communicate and inter-
act with the terminal 1n real time, the programmable logic
device may receive and recognize the time synchronization
request message sent by the terminal by parsing all of the
received messages.

The reception of the request message by the program-
mable logic device from the terminal may trigger generation
of a time synchronization message, so as to complete the
time synchronization of the terminal. In the present embodi-
ment, when the programmable logic device receives the
request message, the programmable logic device may
acquire local reference time information, configuration indi-
cation information and recognition information of the ter-
minal, and may add the local reference time information, the
configuration indication information and the recognition
information of the terminal into different fields respectively
to generate a time synchronization message. Herein, the
local reference time mnformation is used to provide reference
time for the terminal, the configuration indication informa-
tion 1s used to indicate message contents needed when the
programmable logic device configures a time synchroniza-
tion 1nitiating message or a time synchronization response
message, and the recognition iformation of the terminal 1s
used to represent address iformation of the terminal.

After generating a time synchronization message, the
programmable logic device may send the time synchroni-
zation message to the corresponding terminal, so that the
terminal may complete time synchronization.

In the present embodiment, when the programmable logic
device receives a connection setup request message from the
terminal, the programmable logic device may send the
connection setup request message to the CPU. The CPU may
obtain a connection setup response message by parsing the
connection setup request message, and then send the con-
nection setup response message to the programmable logic
device, and after receiving the connection setup response
message sent by the CPU. The programmable logic device
may send the connection setup response message to the
corresponding terminal, so that the terminal may complete
connection setup communication. Furthermore, the pro-
grammable logic device may send the time synchronization
initiating message to the corresponding terminal, so that the
terminal may complete time synchronization. After gener-
ating a time synchronization response message upon receiv-
ing the time synchronization request message from the
terminal, the programmable logic device may send the time
synchronization response message to the corresponding ter-
minal, so that the terminal may complete time synchroni-
zation.

In the abovementioned embodiment, before sending the
connection setup response message, the time synchroniza-
tion 1nitiating message and the time synchromization
response message, the programmable logic device may also
judge a priority sequence or time sequence of the connection
setup response message, the time synchronization initiating,
message and the time synchronization response message 1o
obtain a judgment result. The programmable logic device
may send the connection setup response message, the time
synchronization initiating message and the time synchroni-
zation response message to the corresponding terminal
according to the judgment result. That 1s, the programmable
logic device may sort the connection setup response mes-
sage, the time synchronization initiating message and the
time synchronization response message in a descending
order according to the priority sequence or sort the connec-
tion setup response message, the time synchronization 1ni-
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tiating message and the time synchronization response mes-
sage according to the time sequence, and send the
connection setup response message, the time synchroniza-
tion 1mtiating message and the time synchromization
response message to the terminal.

In the present embodiment, before sending the connection
setup response message, the time synchronization imitiating
message and the time synchronization response message, the
programmable logic device may extract state information of
the connection setup response message, the time synchro-
nization initiating message and the time synchronization
response message, and send and store the state information
into the CPU or memory. The state information 1s mainly
used to query whether the connection setup response mes-
sage, the time synchronization initiating message and the
time synchronization response message are correctly and
continuously sent during sending, 1.e., whether a phenom-
enon ol error or packet loss shows up.

Fourth Embodiment

FIG. 4 1s a structural diagram of a single board provided
in a fourth embodiment of the present disclosure. As shown
in FIG. 4, the single board may include the abovementioned
programmable logic device, the programmable logic device
being located in a PHY layer.

In the single board, a CPU and an Fthernet interface are
also included. The programmable logic device may be
connected with the terminal through an Ethernet port. By
utilizing the advantages that the CPU processes only a small
number of connection setup communication messages, the
programmable logic device may complete mteraction of the
connection setup communication messages with the CPU, so
that the CPU may set up connection and communication
with an external terminal. The programmable logic device
may 1nclude N channels (N>1 and N 1s a positive integer),
cach channel being externally connected with the terminal
through an Fthernet interface, so as to complete a time
synchronization function of the terminal. It may be appre-
ciated that the brand-new architecture provided 1n the sec-
ond embodiment may be deployed in the programmable
logic device by using, but not limited to, the following
manners.

1. The brand-new architecture may exist in each channel.
That 1s, N architectures may be included in the program-
mable logic device, and the internal architecture of each
channel may be 1dentical, so that each terminal accessed to
the programmable logic device through an Ethernet interface
can complete a corresponding function through a channel
corresponding to the FEthernet interface.

2. The brand-new architecture may be shared by all
channels. That 1s, only one architecture may be included 1n
the programmable logic device, all Ethernet interfaces may
be accessed to the same architecture. Therefore, each ter-
minal may be accessed to the same architecture in the
programmable logic device through the Ethernet interface to
complete a corresponding function.

3. The brand-new architecture may exist in M (1<M<N,
and M 1s a positive integer) channels. According to a
connection between an Fthernet interface and a channel
where the architecture exists, each terminal may be accessed
to the channel where the architecture exists 1n the program-
mable logic device through the Ethernet interface to com-

plete a corresponding function.

Fifth Embodiment

FIG. 5 15 a structural diagram of an expansion application
design of a machine frame single board provided 1n a fifth
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embodiment of the present disclosure. As shown 1n FIG. 5,
the single board may include a primary clock board, a

standby clock board and expansion boards. Reference time
information may be transierred to the expansion boards from
the primary clock board and the standby clock board by
wiring 1n a machine frame, and single board expansion and
channel expansion functions are provided for access of
large-capacity users.

In the primary clock board, a GNSS or BITS clock serves
as a clock source, and reference time immformation may be
generated by utilizing the clock source and a local high-
precision clock. The reference time information may be
transterred to the expansion boards by wiring 1n the machine
frame, and the GNSS and BITS clocks provide the reference
time information for an accessed terminal by serving as N'TP
and PTP clocks through an Ethernet interface of each
channel.

In the standby clock board, a GNSS or BITS clock serves
as a clock source, and reference time information may be
generated by utilizing the clock source and a local high-
precision clock. The GNSS and BITS clocks may provide
time information for an accessed terminal by serving as N'TP
and PTP clocks through an Ethernet interface of each
channel. When the primary clock board dysfunctions, the
reference time mformation may be provided for the expan-
s1on boards.

In case of many loaded users, the expansion boards may
provide NTP and PTP time synchronization functions. The
expansion boards may only provide the single board expan-
sion and channel expansion functions, and the reference
time information needed by the expansion boards may be
transierred by the primary clock board or the standby clock
board by wiring 1n the machine frame. Whether to configure
the expansion boards, how many expansion boards are
configured and what kind of machine frame 1s used to
configure the expansion boards may be flexibly applied and
selected.

The primary clock board and the standby clock board may
be basically 1dentical 1n structure. The diflerence only lies in
that when the primary clock board 1s abnormal, the standby
clock board may provide reference time information to the
expansion boards. The difference between the expansion
boards and the primary clock board or the standby clock
board lies in that the primary clock board or the standby
clock board may include a GNSS or BITS clock, and
reference time information may be generated by taking the
GNSS or BITS clock as a clock source and also adopting a
local high-precision clock; however, the expansion boards
do not include clock sources, the reference time information
thereof basically comes from the primary clock board or the
standby clock board. That 1s, the primary clock board or the
standby clock board may transmit the reference time infor-
mation to the expansion boards by wiring in the machine
frame for later use for the expansion boards.

Sixth Embodiment

By means of a brand-new architecture design of the
abovementioned programmable logic device, the packet
transceiving capability may be completely decided by an
Ethernet bandwidth of a system. The packet transceiving
capability under Ethernet interfaces of 10M, 100M, 1000M
and 10G will be respectively described hereinbelow.

(1) IT an 1nter-system interface 1s the Ethernet interface of
1000M, a single-channel link bandwidth 1s 1000 Mbps. If
1% of the bandwidth of each link 1s dedicated to connection
setup and communication of a signaling message, available




US 10,778,359 B2

19

bandwidths of NTP and PTP messages are 990 Mbps namely
123.75 MBps. If the NTP and PTP messages are IPV4-based
UDP messages, the packet length of each NTP message 1s 90
Byte, and an additional frame interval 1s 12 Byte; mean-
while, 1n view of an 8 Byte VL AN requirement under special
situations, the number of NTP messages which can be
returned every second by each link channel 1s 123.75M/
(90+12+8)=1.124*10°, and a single channel is capable of
returning more than one million messages every second.
PTP messages under a one-way mode mainly imnclude a sync
message and an announce message, the packet lengths are 90
byte and 110 byte respectively, the number of PTP messages
which can be returned every second by each link channel 1s
123.75M/(90+8+12+110+8+12)=0.5156*10°, and a single
channel 1s capable of returning more than 0.5 million sync
and announce messages every second at the same time.
Since a channel can be expanded into multi-path (such as
common 8-path channel, 4-path channel, 12-path channel,
and 16-path channel) and the expansion capability of the
machine frame (a standard 1U machine frame expands 4
single boards, a 2U machine frame expands 8 single boards,
and a 3U machine frame expands 12 single boards) 1s high,
the device of this embodiment of the present disclosure 1n an
Ethernet interface system of 1000M may be capable of
sending tens of millions of packets every second while
providing an NTP function and a PTP function. Meanwhile,
due to independence between the channel and the expansion
boards, the channel may flexibly provide the NTP and PTP
functions.

(2) If an mter-system 1nterface 1s the Ethernet interface of
100M, a single-channel link bandwidth 1s 100 Mbps. If 1%
of the bandwidth of each link 1s dedicated to connection
setup and communication of a signaling message, available
bandwidths of NTP and PTP messages are 99 Mbps namely
12.375 MBps. If the NTP and PTP messages are IPV4-based
UDP messages, the packet length of each NTP message 1s 90
Byte, and an additional frame interval 1s 12 Byte; mean-
while, 1n view of an 8 Byte VL AN requirement under special
situations, the number of NTP messages which can be
returned every second by each link channel 1s 12.375M/
(90+1248)=1.124*10", and a single channel is capable of
returning more than 0.1 million messages every second. PTP
messages under a one-way mode mainly include a sync
message and an announce message, the packet lengths are 90
byte and 110 byte respectively, the number of PTP messages
which can be returned every second by each link channel 1s
12.375M/(90+8+12+110+8+12)=0.5156*10, and a single
channel 1s capable of returning more than fifty thousand
sync and announce messages every second at the same time.
Since a channel can be expanded into multi-path (such as
common 8-path channel, 4-path channel, 12-path channel,
and 16-path channel) and the expansion capability of the
machine frame (a standard 1U machine frame expands 4
single boards, a 2U machine frame expands 8 single boards,
and a 3U machine frame expands 12 single boards) 1s high,
the device of this embodiment of the present disclosure 1n an
Ethernet interface system of 100M may be capable of
sending millions of packets every second while providing an
NTP function and a PTP function. Meanwhile, due to
independence between the channel and the expansion
boards, the channel may flexibly provide the NTP and PP
functions.

(3) If an mter-system 1nterface 1s the Ethernet interface of
10M, a single-channel link bandwidth 1s 10 Mbps. If 1% of
the bandwidth of each link 1s dedicated to connection setup
and communication of a signaling message, available band-
widths of NTP and PTP messages are 9.9 Mbps namely
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1.2375 MBps. If the NTP and PTP messages are IPV4-based
UDP messages, the packet length of each NTP message 1s 90
Byte, and an additional frame interval 1s 12 Byte; mean-
while, 1n view of an 8 Byte VL AN requirement under special
situations, the number of NTP messages which can be
returned every second by each link channel 1s 1.2375M/
(90+1248)=1.124*10*, and a single channel is capable of
returning more than ten thousand messages every second.
PTP messages under a one-way mode mainly include a sync
message and an announce message, the packet lengths are 90
byte and 110 byte respectively, the number of PTP messages

which can be returned every second by each link channel 1s
1.2375M/(90+8+12+110+8+12)=0.5156*10", and a single
channel 1s capable of returning more than five thousand sync
and announce messages every second at the same time.
Since a channel can be expanded into multi-path (such as
common 8-path channel, 4-path channel, 12-path channel,
and 16-path channel) and the expansion capability of the
machine frame (a standard 1U machine frame expands 4
single boards, a 2U machine frame expands 8 single boards,
and a 3U machine frame expands 12 single boards) 1s high,
the device of this embodiment of the present disclosure 1n an
Ethernet interface system of 10M may be capable of sending
0.1 million packets every second while providing an NTP
function and a PTP function. Meanwhile, due to indepen-
dence between the channel and the expansion boards, the
channel may flexibly provide the NTP and PTP functions.

(4) If an inter-system interface 1s the Ethernet interface of
10G, a single-channel link bandwidth 1s 10 Gbps. If 1% of
the bandwidth of each link 1s dedicated to connection setup
and communication of a signaling message, available band-
widths of NTP and PTP messages are 9.9 Gbps namely
1.2375 GBps. If the NTP and PTP messages are IPV4-based
UDP messages, the packet length of each NTP message 1s 90
Byte, and an additional frame interval 1s 12 Byte; mean-
while, 1n view of an 8 Byte VL AN requirement under special
situations, the number of NTP messages which can be
returned every second by each link channel 1s 1.2373G/(90+
1248)=1.124*10, and a single channel is capable of return-
ing more than ten million messages every second. PTP
messages under a one-way mode mainly iclude a sync
message and an announce message, the packet lengths are 90
byte and 110 byte respectively, the number of PTP messages
which can be returned every second by each link channel 1s
1.2375G/(90+8+12+110+8+12)=0.5156*10’, and a single
channel 1s capable of returning more than five million sync
and announce messages every second at the same time.
Since a channel can be expanded into multi-path (such as
common 8-path channel, 4-path channel, 12-path channel,
and 16-path channel) and the expansion capability of the
machine frame (a standard 1U machine frame expands 4
single boards, a 2U machine frame expands 8 single boards,
and a 3U machine frame expands 12 single boards) 1s high,
the device of this embodiment of the present disclosure 1n an
Ethernet interface system of 10G may be capable of sending
hundreds of millions of packets every second while provid-
ing an N'TP function and a PTP function. Meanwhile, due to
independence between the channel and the expansion
boards, the channel may flexibly provide the NTP and PTP
functions.

The above 1s detailed 1llustrations of the present disclo-
sure 1n conjunction with specific preferable implementation
manners. The implementations of the present disclosure are
not limited to these illustrations. Simple deductions or
replacements made by a person of ordinary skill in the art
without departing from the conception of the present dis-
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closure shall be regarded as falling within the scope of
protection defined by the appended claims of the present
disclosure.

INDUSTRIAL APPLICABILITY

As above, a time synchronization method, a program-
mable logic device, a single board and a network element,
provided by some embodiments of the present disclosure,
have the beneficial effects as follows. A programmable logic
device receives a time synchromization request message
from a terminal, generates a time synchronization response
message according to the time synchronization request mes-
sage, and then sends the time synchronization response
message to the terminal. The solution directs to a brand-new
architecture design, and 1s applicable to all time synchroni-
zation systems such as a network element and a base station.
The programmable logic device may complete framing and
processing of the time synchronization response message,
and directly complete receiving of the time synchronization
request message and sending of the time synchromization
response message. By virtue of this solution, the message
processing capability can be comprehensively improved, so
that the programmable logic device can take the place of a
CPU to process the time synchronization response message
and to provide a time synchronization function. Moreover,
compared with a manner of recerving, processing and send-
ing a message under the driving of interruption via the CPU,
a high-frequency accurate timing manner possessed by the
programmable logic device enables a packet sending inter-
val to be more accurate, so that the time synchronization
performance may be further optimized, and the situation of
limited packet transceiving capability caused by the limita-
tion of a CPU architecture can be avoided. In addition,
problems of non-accurate packet sending interval and the
like caused by blockage and delay probably occurring when
a message 1s sent to a PHY layer and stamped with a
timestamp after being framed in an application layer are
avoided, so that an effect of enabling a bandwidth resource
of the Ethernet to decide the message transceiving capability
may be achieved to the greatest extent.

What 1s claimed 1s:

1. A time synchronization method, comprising:

receiving, by a programmable logic device, a Network
Time Protocol (NTP) or Precision Timing Protocol
(PTP)-based connection setup request message from a
terminal, wherein the programmable logic device com-
prises one or more channels which are externally
connected with terminals:

generating, by the programmable logic device, a time
synchronization message according to the NTP or PTP-
based connection setup request message; and

sending, by the programmable logic device, the time
synchronization message to the terminal;

wherein generating, by the programmable logic device, a
time synchromization message according to the NTP or
PTP-based connection setup request message com-
prises:

sending, by the programmable logic device, the NTP or
PTP-based connection setup request message to a Cen-
tral Processing Unit (CPU);

receiving, by the programmable logic device, the con-
figuration indication information and the recognition
information of the terminal from the CPU:;

acquiring, by the programmable logic device, the local
reference time information according to the configura-
tion 1ndication information; and
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generating, by the programmable logic device according
to the configuration indication information, the recog-
nition mformation of the terminal and the local refer-
ence time information, an NTP or PTP-based time
synchronization initiating message as the time synchro-
nization message.
2. The time synchronmization method as claimed 1n claim
1, further comprising:
recerving, by the programmable logic device, an NTP or
PTP-based time synchronization request message from
the terminal.
3. The time synchronization method as claimed 1n claim

2, wheremn after receiving, by the programmable logic
device, an NTP or PTP-based time synchronization request

message from the terminal, the method further comprises:

generating, by the programmable logic device, a time
synchronization message according to the NTP or PTP-
based time synchronization request message, compris-
ng:

parsing, by the programmable logic device, the NTP or
PTP-based time synchronization request message, and
acquiring type 1dentification information of the NTP or
PTP-based time synchromization request message and
recognition mformation of the terminal;

acquiring, by the programmable logic device, configura-
tion indication information and local reference time
information according to the type identification infor-
mation; and

generating, by the programmable logic device according
to the configuration indication information, the recog-
nition mformation of the terminal and the local refer-
ence time information, a NTP or PTP-based time
synchronization response message as the time synchro-
nization message.

4. The time synchronization method as claimed 1n claim

3, wherein

when 1dentification information of the NTP or PTP-based
connection setup request message indicates the NTP or
PTP-based connection setup request message as a PTP
request message, the local reference time information
acquired by the programmable logic device 1s local
PTP reference time information, and the received con-
figuration indication information i1s PTP configuration
indication information;:

when 1dentification information of the NTP or PTP-based
connection setup request message indicates the NTP or
PTP-based connection setup request message as an
NTP request message, the local reference time infor-
mation acquired by the programmable logic device 1s
local NTP reference time information, and the receirved
configuration indication mformation 1s NTP configu-
ration indication information:

when 1dentification information of the NTP or PTP-based
time synchronization request message indicates the
NTP or PTP-based time synchronization request mes-
sage as a PTP request message, the local reference time
information and configuration indication information
acquired by the programmable logic device are local
PTP reference time information and PTP configuration
indication information respectively; and

when 1dentification information of the NTP or PTP-based
time synchronization request message indicates the
NTP or PTP-based time synchronization request mes-
sage as an NTP request message, the local reference
time mnformation and configuration indication informa-
tion acquired by the programmable logic device are
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local NTP reference time information and NTP con-
figuration indication information respectively.

5. The time synchronization method as claimed 1n claim
4, wherein

when the 1dentification information of the NTP or PTP-

based connection setup request message or the NTP or
PTP-based time synchronization request message indi-
cates the N'TP or PTP-based connection setup request
message or the NTP or PTP-based time synchroniza-
tion request message as a P1P request message, acquir-
ing, by the programmable logic device, local PTP
reference time mformation comprises:

acquiring clock source iformation;

synchronizing local clock information according to the

clock source information; and

acquiring the local PTP reference time information

according to the local clock information;

when the idenftification information of the NTP or PTP-

based connection setup request message or the NTP or
PTP-based time synchronization request message 1ndi-
cates the NTP or PTP-based connection setup request
message or the NTP or PTP-based time synchroniza-
tion request message as an NTP request message,
acquiring, by the programmable logic device, local
NTP reference time information comprises:

acquiring clock source information;

synchronizing local clock information according to the

clock source information;

acquiring local PTP reference time information according,

to the local clock information; and

converting the local PTP reference time information into

the local NTP reference time information.

6. The time synchronization method as claimed in claim
1, wherein before the programmable logic device sends the
time synchronization message to the terminal, the method
turther comprises:

extracting, by the programmable logic device, state infor-

mation of the time synchronization message; and
sending out, by the programmable logic device, the state
information.

7. The time synchronization method as claimed in claim
1, wherein the programmable logic device 1s located 1n a
Physical (PHY) layer.

8. The time synchronization method as claimed 1n claim
2, wherein before the programmable logic device sends the
time synchronization message to the terminal, the method
turther comprises:

extracting, by the programmable logic device, state infor-

mation of the time synchronization message; and
sending out, by the programmable logic device, the state
information.

9. A time synchronization method, comprising:

sending, by a terminal, a Network Time Protocol (NTP) or

Precision Timing Protocol (PTP)-based connection
setup request message to a programmable logic device,
wherein the programmable logic device comprises one
or more channels which are externally connected with
terminals;

receiving, by the terminal, a time synchronization mes-

sage from the programmable logic device, and com-
pleting, by the terminal, time synchronization, wherein
the time synchronization message 1s generated by the
programmable logic device according to the NTP or
PTP-based connection setup request message and sent
to the terminal;
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wherein the time synchronization message 1s generated by
the programmable logic device according to the NTP or
PTP-based connection setup request message 1 a fol-
lowing manner:

sending, by the programmable logic device, the NTP or
PTP-based connection setup request message to a Cen-
tral Processing Unit (CPU);

recerving, by the programmable logic device, the con-
figuration indication information and the recognition
information of the terminal from the CPU:

acquiring, by the programmable logic device, the local
reference time information according to the configura-
tion indication information; and

generating, by the programmable logic device according
to the configuration indication information, the recog-
nition mformation of the terminal and the local refer-
ence time information, an NTP or PTP-based time
synchronization initiating message as the time synchro-
nization message.

10. A system comprising a programmable logic device
and a terminal for connection setup, the programmable logic
device comprising one or more channels which are exter-
nally connected with terminals, and further comprising:

a receiving module, configured to recerve a Network Time
Protocol (NTP) or Precision Timing Protocol (PTP)-
based connection setup request message from a termi-
nal;

a processing module, configured to generate a time syn-
chronization message according to the NTP or PTP-
based connection setup request message received by
the receiving module, wherein the processing module
comprises: an acquisition module, configured to
acquire local reference time information, configuration
indication information, and recognition information of
the terminal according to the request message recerved
by the receiving module; and a generation module,
configured to generate the time synchronization mes-
sage according to the local reference time information,
the configuration indication information, and the rec-
ognition 1information of the terminal, which are
acquired by the acquisition module; and

a sending module, configured to send the time synchro-
nization message generated by the processing module
to the terminal;

wherein the sending module 1s further configured to send
the N'TP or PTP-based connection setup request mes-
sage to a Central Processing Umt (CPU);

the receiving module 1s further configured to receive the
configuration indication information and the recogni-
tion information of the terminal from the CPU;

the acquisition module i1s configured to acquire the local
reference time information according to the configura-
tion indication information; and

the generation module 1s configured to generate, accord-
ing to the configuration indication information, the
recognition information of the terminal and the local
reference time information, an NTP or PTP-based time
synchronization initiating message as the time synchro-
nization message.

11. The programmable logic device as claimed in claim
10, wherein the receiving module 1s further configured to
receive an NTP or PTP-based time synchronization request
message from the terminal.

12. The programmable logic device as claimed in claim
11, wherein

when the receiving module receives the NTP or PTP-
based time synchronization request message from the
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terminal, the processing module further comprises a
parsing module, configured to parse the NTP or PTP-
based time synchronization request message, and
acquire type 1dentification information of the NTP or
PTP-based time synchromization request message and
recognition mformation of the terminal;

the acquisition module 1s configured to acquire configu-
ration indication information and local reference time
information according to the type identification infor-
mation acquired by the parsing module; and

the generation module 1s configured to generate, accord-
ing to the configuration indication information, the
recognition information of the terminal and the local
reference time information, an NTP or PTP-based time
synchronization response message as the time synchro-
nization message.

13. The programmable logic device as claimed 1n claim

12, wherein

when 1dentification information of the NTP or PTP-based
connection setup request message recerved by the
receiving module indicates the NTP or PTP-based
connection setup request message as a PTP request
message, the local reference time information acquired
by the acquisition module 1s local PTP reference time
information, and the configuration indication 1informa-
tion received by the recetving module 1s PTP configu-
ration indication information;

when 1dentification information of the NTP or PTP-based
connection setup request message received by the
receiving module indicates the NTP or PTP-based
connection setup request message as an NTP request
message, the local reference time information acquired
by the acquisition module 1s local NTP reference time
information, and the configuration indication 1mforma-
tion received by the receiving module 1s NTP configu-
ration indication information;

when 1dentification imnformation of the NTP or PTP-based
time synchronization request message received by the
receiving module indicates the NTP or PIP-based time
synchronization request message as a PTP request
message, the local reference time information and
configuration indication information acquired by the
acquisition module are local PTP reference time infor-
mation and PTP configuration indication information
respectively; and

when 1dentification information of the NTP or PTP-based
time synchronization request message received by the
receiving module indicates the NTP or PIP-based time
synchronization request message as an NTP request
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message, the local reference time information and
configuration indication information acquired by the
acquisition module are local NTP reference time infor-
mation and NTP configuration indication information
respectively.

14. The programmable logic device as claimed in claim

13, wherein

when the 1dentification information of the NTP or PTP-
based connection setup request message or the NTP or
PTP-based time synchronization request message 1ndi-
cates the NTP or PITP-based connection setup request
message or the NTP or PTP-based time synchroniza-
tion request message as a PTP request message, the
acquisition module 1s configured to acquire clock
source information, synchromize local clock informa-
tion according to the clock source information, and
acquire local PTP reference time information according
to the local clock information; and

when the identification information of the NTP or PTP-

based connection setup request message or the NTP or
PTP-based time synchronization request message 1ndi-
cates the NTP or PITP-based connection setup request
message or the NTP or PTP-based time synchroniza-
tion request message as an NTP request message, the
acquisition module 1s configured to acquire clock
source information, synchromze local clock informa-
tion according to the clock source information, acquire
local PTP reference time information according to the
local clock information, and convert the local PTP
reference time information mnto local NTP reference
time nformation.

15. The programmable logic device as claimed 1n claim
10, wherein the processing module further comprises:

an extraction module, configured to extract state infor-

mation of the time synchronization message, wherein
the sending module 1s configured to send out the state
information extracted by the extraction module.

16. A single board, comprising an interface as well as the
programmable logic device as claimed i claim 10, the
programmable logic device being connected to a terminal
via the interface.

17. The single board as claimed in claim 16, wherein the
programmable logic device 1s located 1n a Physical (PHY)
layer.

18. A network element, comprising at least one single
board as claimed 1n claim 16, the single board being
externally connected with at least one terminal.
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